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Transfer	 ribonucleic	 acids	 (tRNAs)	 are	 the	 adaptor	 molecules	 that	 allow	 for	 accurate	 translation	 of	
messenger	 RNA	 (mRNA)	 to	 peptide.	 tRNA	 effectively	 translates	 genetic	 information	 to	 peptide	 by	
matching	the	correct	amino	acid	to	the	genetic	information	carried	by	the	mRNA	in	the	ribosome1.	The	
typical	 tRNA	molecule	 is	L-shaped	with	an	acceptor	stem	(yellow,	Figure	1	 left)	and	an	anticodon	 loop	





STOP	 codon3.	 This	 discrepancy	 between	 the	 number	 of	 codons	 and	 anticodons	 is	 referred	 to	 as	 the	
degeneracy	of	the	genetic	code	and	is	allowed	largely	by	chemical	modification	to	nucleotides	at	positions	
34	and	37	of	the	tRNA	(Figure1	right).	Position	34	is	known	as	the	wobble	position,	coined	by	Francis	Crick	










The	 first	 portion	 of	 the	 queusoine	
biosynthetic	 pathway	 begins	 with	 the	
medication	of	guanosine	triphosphate	(GTP)	
to	 7-cyano-7-deazaguanine	 (PreQ0).	 7-
cyano-7-deazaguanine	 reductase	 (QueF)	
(Figure	2)	is	the	enzyme	responsible	for	the	
reduction	 of	 the	 cyano	 group,	 (Figure	 3;	
shown	 red),	 in	 PreQ0	 to	 form	 7-
aminomethyl-7-deazaguanine	 (PreQ1)	 by	
two	 hydride	 transfers	 from	 the	 redox	
cofactor	NADPH7	(Figure	4).	 	Notably,	QueF	
is	 the	 only	 known	 example	 of	 biological	
nitrile	 reduction8.	PreQ1	 is	 further	modified	
by	 enzymes	 in	 the	 pathway	 and	 ultimately	
inserted	into	the	tRNA	(Figure	3).	QueF	is	a	







strand	 antiparallel	 beta	 sheet.	 Multiple	 monomers	 come	 together	 to	 form	 a	 barrel	 and	 two	 barrels	
combine	head	on	to	form	the	final	multimeric	tunnel9.	The	number	of	individual	domains	varies	within	










reduction11,12.	 Enzymes	 have	 the	 ability	 to	 operate	 in	 an	 aqueous	 environment	 at	 physiological	
temperature	and	pressure.	To	satisfy	increasing	green	chemistry	standards,	the	demand	for	biocatalysts	
in	 product	 synthesis,	 extraction,	 purification	 and	 waste	 treatment	 is	 increasing13.	 Relaxing	 cofactor	
specificity	is	important	to	the	use	of	QueF	as	a	biocatalyst.	NADPH	and	NADH	are	identical	molecules	aside	





or	 a	 combination	 of	 the	 two15.	 Directed	 evolution	 mimics	 the	 process	 of	 evolution	 by	 introducing	
mutations	and	 selecting	variants	with	 the	desired	 function	by	application	of	a	 selective	pressure.	This	
method	can	be	performed	in	vivo	and	in	vitro.	Rational	design	involves	logically	altering	the	structure	of	a	




















mutation	 can	 cause	 the	 protein	 to	 miss-fold,	 distorting	 the	 global	 structure	 of	 the	 monomer.	 This	





was	 assessed.	 The	 ability	 to	 form	 a	 thioimide	 bond	 with	 substrate	 can	 be	 used	 to	 confirm	 that	 the	
quaternary	structure	 is	 intact	as	the	active	site	 is	comprised	of	four	monomers,	 two	from	each	barrel.	
Inability	 to	 form	 thioimide	 indicates	 either	 the	 substrate	 binding	 pocket	 has	 been	 disrupted	 or	 the	















Site-directed	 mutagenesis	 was	 conducted	 using	 the	 Quick	 Change	 Mutagenesis	 Kit	 II	 (Agilent	








Cultures	of	wild	 type	and	mutant	QF	protein	were	grown	 for	eight	hours	 to	an	A600	of	3-4.	Cells	were	
pelleted	(5Kg	x	15min)	and	resuspended	in	an	equivalent	volume	of	media.	Following	30-60	minutes	of	
resuspension	the	cells	were	induced	at	a	final	concentration	of	1	mM	IPTG	for	four	hours.		
Post	 induction	 cells	 were	 harvested	 by	 centrifugation	 (10000g	 for	 20	 mins)	 and	 resuspended	 in	
purification	buffer	(100	mM	Tris-HCl	pH	8.0,	100	mM	KCl,	2	mM	ß-mercaptoethanol)	supplemented	with	
with	1mM	PMSF	and	250	µg/mL	lysozyme	to	a	final	concentration	of	250	g/mL.	The	resulting	solutions	
were	 centrifuged	 (20Kg	 x	 20min)	 and	 the	 supernatant	 applied	 to	 prequilibrated	 5ml	Ni-NTA	 (Qiagen)	
columns.	 Once	 loaded,	 the	 column	 was	 washed	 with	 10CV	 purification	 buffer	 +	 1	 mM	 PMSF,	 10CV	
purification	buffer	+20	mM	imidazole,	and	the	protein	was	eluted	with	5CV	purification	buffer	+200	mM	
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lower	 than	Q60A	 and	WT.	Q60E	 activity	was	 too	 low	 to	 yield	 any	 kinetic	 data	 from	 this	 experiment.	
However,	under	enzyme	concentrations	62.5	times	higher	 (25	µM)	a	rate	4	times	slower	that	WT	was	










No	 mutants	 were	 able	 to	 utilize	 NADH	 as	 a	 cofactor	 for	 PreQ0	 reduction.	 This	 is	 in	 contrast	 to	 the	
hypothesis	that	residues	Q60	and	Y21	played	a	specific,	distinct	role	in	cofactor	specificity.	The	inability	of	







Km,	 the	 higher	 the	 enzyme’s	 affinity	 for	 the	 substrate.	 The	 ratio	 of	 kcat/Km	 is	 a	measure	 of	 catalytic	
efficiency,	a	fast	enzyme	and	or	one	that	can	bind	substrate	at	low	concentrations	will	be	a	more	efficient	
enzyme	and	will	there	have	a	larger	ratio	of	kcat/Km.	Although	the	docking	model	shows	targeted	residues	






















alanine	 mutant.	 This	 may	 indicate	 that	 Q60	 may	 play	 an	 important	 role	 in	 positioning	 the	 NAPDH	
appropriately	 for	 hydride	 transfer.	 If	 the	 R-group	 of	 glutamine	 acts	 as	 a	 positive	 cup	 to	 cradle	 the	
negatively	 charged	phosphate,	 then	 the	 shorter	R-group	of	 asparagine	may	position	 the	nicotinamide	
moiety	unfavorable,	thereby	preserving	the	affinity	for	substrate	yet	reducing	the	overall	catalytic	rate.	
The	Q60E	mutant	may	be	the	most	important	in	supporting	the	hypothesis	that	Q60	interacts	with	the	
cofactor	 phosphate.	With	 250X	 less	 activity	 than	wild	 type	 its	 kinetic	 parameters	 were	 unable	 to	 be	
experimentally	derived.	Such	a	 reduction	 in	activity	may	be	attributed	to	 the	change	 in	 the	side	chain	
function	group	 from	an	amide	 to	a	carboxylate.	This	 strong	negative	charge	of	 the	side	chain	and	 the	
negative	charge	of	the	phosphate	group	would	likely	repulse	each	other,	making	docking	of	the	cofactor	
unfavorable	and	thereby	nearly	eliminating	its	ability	to	bind	cofactor	and	perform	catalysis.	Thioimide	
forming	 studies	eliminate	 the	possibility	 that	 the	Q60E	mutation	 impacted	 the	global	 structure	of	 the	
enzyme	since	PreQ0	binding	is	essentially	unperturbed.		
The	kinetic	data	 for	Y21A	and	Y21F	 supported	 the	hypothesis	 that	 they	have	 some	affect	on	 cofactor	
docking	and	binding.	The	greater	the	deviation	from	the	tyrosine	side-chain	structure	the	higher	the	Km,	






analysis	 of	 Gln60	 and	 Tyr21	 mutants	 to	 determine	 if	 these	 residues	 impact	 substrate	 binding	 rates.	
Transient	kinetic	studies	of	NADPH	and	NADH	binding	in	WT	and	mutants	may	further	elucidate	the	role	
of	these	residues.		
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Additional	Figures	
	
Figure	9	Q60A	saturation	curve	
	
Figure	10	Q60N	saturation	curve	
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Figure	11	WT	saturation	curve	
	
Figure	12	Y21A	saturation	curve	
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Figure	13	Y21F	saturation	curve	
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